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SYSTEM AND METHOD FOR GENERATING A PROFM OF 
PARTICULATE COMPONENTS OF A BODY FLUID SAMPLE 

FIELD AND BACKGROUND OF THE INVENTION 
5 The present invention relates to system and methods for generating a 

profile of particulate components of a body fluid sample. More particularly, 
embodiments of the present invention relate to a system and method which 
can be utilized to detect and diagnose an inflammatory response in an 
individual. 

10 Diagnosis of various clinical conditions is many times based on the 

determination of the presence and/or level of several components present in 
body fluids, mainly in the blood. Such body fluid evaluation provides 
information about the physiological and clinical state of an individual and 
can be indicative of the presence, absence and at times progression of an 

15 illness. 

A widely accepted medical school doctrine teaches that the complete 
blood count including the white blood cell differential (CBC+Diff) is one of 
the best tests for assessing a patient's overall health. With it, a physician 
can detect or diagnose for example, anemia, infection, blood loss, acute and 

20 chronic diseases, allergies, and other conditions characterized by deviation 
from normal values and thus to identify the existence and assess the severity 
of the patient's condition in order to propose a future therapeutic approach. 
Moreover, CBC+Diff analyses provide comprehensive information on 
blood constituents, including the number of red blood cells, hematocrit, 

25 hemoglobin concentration, and on indices that portray the size, shape, and 
oxygen-carrying characteristics of the entire red blood cell (RBC) 
population. The CBC+Diff also includes the number and types of white 
blood cells and the number of platelets. Thus, CBC+Diff is one of the most 
frequently requested diagnostic tests with about two billion done in the 

30 United States per year. 
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One of the most common phenomena which accompany many 
disorders and diseases is the inflanmiatory response. Inflammation results 
from a complex of cellular and humoral events which arise as a response to 
many stimuli such as impact, distortion, chemical irritation, infection by 

5 pathogenic organisms (such as bacteria or viruses) or extreme temperatures. 
The development of an inflammatory response is accompanied by an acute 
phase response in which various kinds of proteins such as, for example, 
fibrinogens, haptoglobin, ceruloplasmin, ferritin and c-reactive proteins are 
synthesized. Typically, the most common parameters which are tested in 

10 order to diagnose inflanmiation in an individual are the total white blood 
cell (leukocytes) count (WBCC), red blood cell (erythrocytes) sedimentation 
rate (ESR) and quantitative C-reactive protein (CRP) which allow the 
discrimination between the presence or the absence of an inflammatory 
response. 

15 Tests which are used to determine parameters associated with 

inflammation are typically carried out automatically by instruments such as 
automated counters, laser nephelometers or automatic ELISA readers, 
which are capable of coimting and classifying different components of the 
body fluid sample on the basis of predefined characteristics (such as size, 

20 shape and concentration). 

A main problem in such automated systems stems &om the fact that 
the components of body fluid and in particular the cellular components are 
in fact dynamic components which interact with one another and thus their 
physical characteristics may not fall within the exact predefined 

25 characteristics of the automated instrument. Thus for example, many of the 
proteins synthesized during the acute phase response of an inflammation, 
cause the cells to aggregate with cells of the same type as well as with cells 
of other types. An aggregate comprised of several cells may be classified 
by the automated device as a large unclassified cell (LUC) while, in fact 

30 each of the cells comprising the aggregate should have been added to the 
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specific cell population count to which they belong. The result of such an 
error in classification can, for instance, bring about an erroneous WBCC 
and thus to an erroneous diagnosis of pseudoleukopenia. In addition, it is 
also common that a WBCC which is within normal limits is obtained by 
5 routinely used methods (mainly by electronic counters) while, in actuality, 
the WBCC is substantively higher. Such an erroneous "normal" WBCC 
may substantively influence the diagnostic decision of a physician and result 
in non-effective or even harmful treatment. 

Furthermore, currently utilized methods for evaluating body fluids 

10 which utilize automated instruments require relatively large amounts of 
body fluid such as a blood sample in order to perform the evaluation. This 
may be problematic in cases where large volumes of the body fluid are not 
available for diagnosis, such as the case in newborns. This problem 
becomes even more severe in view of the fact that, in most cases, in order 

15 for a physician to diagnose a certain condition in an individual, it is 
necessary to carry out at least two separate tests, each requiring a separate 
sample. Typically, one test will be a total white blood cell count and often 
also a differential count in which white blood cells of each subpopulation 
(e.g. neutrophils, lymphocytes, etc.) are counted separately. The other test 

20 will typically be an erythrocyte sedimentation rate (ESR) test. 

An additional drawback to presently used methods arises firom the 
fact that due to the relatively large amounts of body fluids required for each 
diagnostic test, it is difficult to repeat the diagnostic test over short intervals 
of time. This drawback imposes severe limitations on diagnosis using such 

25 methods since test repetition is often required for monitoring the 
progression of a clinical condition over time. 

It is known that white blood cells change their adherence properties 
and aggregation tendencies during inflammation since their membranes 
become more "sticky". A leukocyte adhesiveness/aggregation test (LAAT) 

30 based on the aggregation of cells in a body fluid to one another, was 
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described previously as a tool for diagnosing the presence of an 
inflammatory response and assessment of its severity in various disorders 
and diseases. LAAT has also been proposed as a method of discriminating 
between bacterial infections (in which there is a high level of leukocyte 
5 aggregation) and viral infections (wherein attenuated or no leukocyte 
aggregation is detected). Aggregation of other types of cells such as 
erythrocytes and platelets has also been correlated to various conditions 
involving inflammation but these parameters have not been used for 
diagnosis of such conditions. 

10 Another limitation inherent to presently utilized diagnostic systems 

arises from the fact that due to the complexity of tests and equipment 
involved, the use of such systems in telemedicine cannot be easily effected. 

Telemedicine is the process of sending test data and/or images from 
one point to another through networks, typically over standard telephone 

15 lines, or over a wide-area network using dial-up ISDN lines or other 
switched digital services. Using telemedicine, images can be sent from one 
part of a hospital to another part of the same hospital, from one hospital to 
another, from remote sites to diagnostic centers, etc. In other words, test 
data and/or images obtained at one location can be sent to almost any place 

20 in the world. 

As cost-effective diagnosis becomes a major issue, telemedicine is 
becoming an acceptable way to make diagnoses and to consult with 
referring physicians. Computer-assisted transfer of digitized images allows 
geographically dispersed consultants to lend their expertise to remote 

25 regions, thereby benefiting patients who now may have limited access to 
advanced medical services. Telemedicine systems are especially important 
in rural medical facilities, where skilled physicians or automated analysis 
systems are not available. 

There is thus a widely recognized need for, and it would be highly 

30 advantageous to have, a system and method which can be utilized to 
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manually or automatically analyze biological samples such as blood samples 
to thereby enable diagnosis of patient's clinical condition, while being easily 
implemantable and utilizable in telemedical architecture. 



5 

SUMMARY OF THE INVENTION 

According to one aspect of the present invention there is provided a 
system for generating a profile of particulate components of a body fluid 
sample comprising: (a) a device for causing controlled flow of the body 
10 fluid sample on a substrate, the controlled flow of the body fluid sample 
leading to a differential distribution of the particulate components on the 
substrate; and (b) a magnifying device being for providing a magnified 
image of differentially distributed particulate components on the substrate, 
the magnified image representing a profile of the particulate components of 
15 the body fluid sample. 

According to further features in preferred embodiments of the 
invention described below, the system further comprising an imaging device 
being for capturing the magnified image provided by the magnifying device. 
According to still further features in the described preferred 
20 embodiments the imaging device is a ciamera. 

According to still further features in the described preferred 
embodiments the system further comprising an image analyzer being in 
communication with the imaging device, the image analyzer being 
configured for analyzing the profile of the particulate components in the 
25 body fluid sample. 

According to still further features in the described preferred 
embodiments the image analyzer includes a display for displaying the 
magnified image. 

According to still further features in the described preferred 
30 embodiments the communication between the image analyzer and the 
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imaging device is effected through a communication network. 

According to still further features in the described preferred 
embodiments the communication between the image analyzer and the 
imaging device is effected through at least one communication server. 
5 According to another aspect of the present invention there is 

provided a system for generating a profile of particulate components of a 
body fluid sample comprising: (a) at least one apparatus for generating a 
profile of the particulate components of the body fluid sample, the at least 
one apparatus including: (i) a device for causing controlled flow of the body 

10 fluid sample on a substrate, the controlled flow of the body fluid sample 
leading to a differential distribution of the particulate components on the 
substrate; and (ii) a magnifying device being for providing a magnified 
image of differentially distributed particulate components on the substrate, 
the magnified image representing a profile of the particulate components of 

15 the body fluid sample, and (iii) an imaging device being for capturing the 
magnified image provided by the magnifying device; (b) an image analyzer 
being in communication with the at least one apparatus, the image analyzer 
being configured for analyzing the profile of the particulate components in 
the body fluid sample; and (c) at least one communication server being for 

20 communicating the magnified image firom the at least one apparatus to the 
image analj^er. 

According to still further features in the described preferred 
embodiments the at least one commimication server forms a part of the 
World Wide Web. 

25 According to still further features in the described preferred 

embodiments the magnifying device is a light microscope. 

According to still further features in the described preferred 
embodiments the light microscope is selected fi-om the group consisting of 
an inverted light microscope, a confocal microscope, and a phase 

30 microscope. 
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According to still further features in the described preferred 
embodiments the body fluid sample is a peripheral blood sample. 

According to still further features in the described preferred 
embodiments the particulate components in the body fluid sample are 
5 selected from the group consisting of white blood cells, red blood cells, 
platelets, bacteria, hemoglobin, and plasma proteins. 

According to still fiirther features in the described preferred 
embodiments the profile of the particulate components in the body fluid 
sample is characterizable according to at least one parameter selected from 
10 the group consisting of estimated hemoglobin concentration, approximated 
leukocyte count and difiFerential, approximated platelet count, degree of 
leukocyte aggregation, aggregate composition, degree of leukocyte 
adherence towards the surface of the substrate, degree of red cell 
aggregation, degree of platelet aggregation, degree of leukocyte to 
15 erythrocj^e interaction and leukocyte platelet interaction. 

According to still fiirther features in the described preferred 
embodiments the substrate is a glass slide. 

According to still fiirther features in the described preferred 
embodiments the device for causing controlled flow of the body fluid 
20 sample on a substrate is a holder capable of holding the substrate in an 
essentially angled position. 

According to still fiirther features in the described preferred 
embodiments the device for causing controlled flow of the body fluid 
sample on a substrate is a centrifijge. 
25 According to still fiirther features in the described preferred 

embodiments the imaging device converts the captured image into data 
communicable by the at least one communication server. 

According to still fiirther features in the described preferred 
embodiments the image analyzer includes a processing unit executing a 
30 software application designed and configured for analyzing and optionally 
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characterizing the profile of the particulate components of the body fluid 
sample according to at least one parameter selected from the group 
consisting of estimated hemoglobin concentration, approximated leukocyte 
count and differential, approximated platelet count, degree of leukocyte 

5 aggregation, aggregate composition, degree of leukocyte adherence towards 
the surface of the substrate, degree of red cell aggregation, degree of 
platelet aggregation, degree of leukocyte to erythrocyte interaction and 
leukocyte platelet interactions. 

According to yet another aspect of the present invention there is 

10 provided a method of generating a profile of particulate components in a 
body fluid sample comprising the steps of: (a) causing controlled flow of 
the body fluid sample on a substrate, the controlled flow of the body fluid 
sample leading to a differential distribution of the particulate components 
on the substrate; and (b) providing a magnified image of differentially 

15 distributed particulate components on the substrate, the magnified image 
representing a profile of the particulate components in the body fluid 
sample. 

According to still another aspect of the present invention there is 
provided a method of determining an atherosclerosis risk factor of an 

20 individual, the method comprising the steps of: (a) causing controlled flow 
of a body fluid sample obtained from the individual on a substrate, the 
controlled flow of the body fluid sample leading to a differential 
distribution of particulate components included in the body fluid sample on 
the substrate; (b) providing a magnified image of differentially distributed 

25 particulate components on the substrate, the magnified image representing a 
profile of the particulate components in the body fluid sample; (c) analyzing 
at least one parameter of the profile to thereby determine the atherosclerosis 
risk factor of the individual. 

According to still fiirther features in the described preferred 

30 embodiments the method fiirther comprising the step of analyzing and 
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Optionally characterizing the profile representing the particulate components 
in the body fluid sample according to at least one parameter selected fi-om 
the group consisting of estimated hemoglobin concentration, approximated 
leukocyte count and differential, approximated platelet count, degree of 
leukocyte aggregation, aggregate composition, degree of leukocyte 
adherence towards the surface of the substrate, degree of red cell 
aggregation, degree of platelet aggregation, degree of leukocyte to 
erythrocyte interaction and leukocyte platelet interactions. 

According to still further features in the described preferred 
embodiments the step of analyzing and optionally characterizing the profile 
representing the particulate components in the body fluid sample is used for 
determining a presence or absence of, a clinical condition in an individual. 

According to still further features in the described preferred 
embodiments the step of analyzing and optionally characterizing the profile 
representing the particulate components in the body fluid sample is used for 
diagnosing a disorder in an individual. 

According to still fiirther features in the described preferred 
embodiments the clinical condition is caused by an agent selected from the 
group consisting of an infective agent and a chemical agent. 

According to still fiirther features in the described preferred 
embodiments the clinical condition is caused by a disorder selected from the 
group consisting of atherosclerosis, viral infection and bacterial infection. 

According to still fiirther features in the described preferred 
embodiments the method fiorther comprising the step of converting the 
magnified image into data prior to the step of analyzing. 

According to still fiirther features in the described preferred 
embodiments the body fluid sample is a peripheral blood sample. 

According to still further features in the described preferred 
embodiments the step of causing controlled flow of the body fluid sample 
on a substrate is effected by a holder capable of holding the substrate in an 
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essentially angled position, or by a centrifuge. 

According to still further features in the described preferred 
embodiments the at least one parameter is selected from the group 
consisting of a number of white blood cells, leukocytes 
5 adhesiveness/aggregation state (LAAT), erythrocytes 

adhesiveness/aggregation state (EAAT), increased fibrinogen 
concentrations, concentration of C-reactive protein (CRP), hyperlipidemia, 
and erythrocytes sedimentation rate (ESR). 

10 The present invention successfully addresses the shortcomings of the 

presently known configurations by providing a system and methods for 
generating a profile of particulate components of a body fluid sample. More 
particularly, embodiments of the present invention relate to a system and 
method which can be utilized to detect and diagnose an inflammatory 

15 response in an individual. 



BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is herein described, by way of example only, with 

20 reference to the accompanying drawings. With specific reference now to 
the drawings in detail, it is stressed that the particulars shown are by way of 
example and for purposes of illustrative discussion of the preferred 
embodiments of the present invention only, and are presented in the cause 
of providing what is believed to be the most useful and readily understood 

25 description of the principles and conceptual aspects of the invention. In this 
regard, no attempt is made to show structural details of the invention in 
more detail than is necessary for a fimdamental understanding of the 
invention, the description taken with the drawings making apparent to those 
skilled in the art how the several forms of the invention may be embodied in 

30 practice. 
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In the drawings: 

FIG. 1 is a black box diagram of an "on-site" system for generating 
and evaluating a profile of particulate components of a body fluid sample 
according to the teachings of the present invention. 

FIG. 2 is a black box diagram of a "remote" system for generating 
and evaluating a profile of particulate components of a body fluid sample 
according to the teachings of the present invention. 

FIG, 3 is a photograph of a blood sample obtained according to the 
teachings of the present invention illustrating red cell aggregation (arrows) 
in a patient with accelerated erythrocjrte sedimentation rate; 

FIG. 4 is a photograph of a control blood sample obtained according . 
to the teachings of the present invention showing that most of the red blood 
cells are in a non-aggregated state. 

FIG. 5 is a photograph of a blood sample obtained according to the 
teachings of the present invention illustrating separation of white blood cells 
from the red blood cells. 

FIG. 6 is a photograph of a blood sample obtained according to the 
teachings of the present invention illustrating leukocyte-erythrocyte 
interactions. 

FIG- 7 is a photograph of a blood sample obtained according to the 
teachings of the present invention illustrating platelet aggregation (arrows) 
detectable in the peripheral blood during inflammation. 

FIG. 8 is a photograph of a blood sample obtained according to the 
teachings of the present invention illustrating leukocyte-platelet interactions 
(arrow) which are observed during an inflammatory response characterized 
by cellular activation. 

FIG. 9 is a photograph of a blood sample obtained according to the 
teachings of the present invention illustrating massive leukocyte 
aggregation in a patient with a severe inflammatory response. 

FIGs. lOa-d are photographs of a blood sample obtained according to 
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the teachings of the present invention. Each photograph illustrates 
leukocytes and platelets "entrapped" in protein rich areas (A or a) in a 
patient with an inflammatory response. Areas with no proteinaceous 
material (B or b) have very little or no cellular elements. 

5 FIGs. Ua-p are images obtained according to the teachings of the 

present invention. Each image shows a different field of view (FOV) of a 
slide prepared from a blood sample. Figures lla-h represent FOVs of a 
sample obtained from a control individual while Figures lli-p represent 
FOVs of a slide prepared from a sample obtained from a patient suffering 

10 from sepsis. 

FIGs. 12a-p are images of FOVs obtained from slides prepared by 
using the system of the present invention. Figures 12a-h are FOVs from 
samples obtained from a person suffering from a bacterial infection while 
Figures 12i-p are FOVs of a sample obtained from individuals suffering 
15 from a viral infection. 

FIG- 13 is a photograph of a blood sample which was obtained 
according to the teachings of the present invention showing a significant 
inflammatory response including leukocytes, erythrocytes and platelet 
aggregation. 

20 FIG. 14 is a photograph of a blood sample which was obtained 

according to the teachings of the present invention showing aggregation of 
lymphomononuclear leukocytes indicative of a viral infection with no acute 
phase response. 

FIGs. 15a-c are images obtained by the system of the present 
25 invention from an individual suffering from a mild inflanmiation (Figure 
15a), an individual suffering from a moderate inflammation (Figure 15b) 
and an individual suffering from a severe inflammation (Figure 15c). 

FIG. 16 is a photograph of a blood sample which was obtained from 
a child suffering from acute inflammation according to the teachings of the 
30 present invention. An abundant number of leukocytes and increased cellular 
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aggregation which are indicative of inflammation can be clearly seen. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

The present invention is of a system and methods for generating a 
5 profile of particulate components of a body fluid sample, which profile can 

be utilized to detect and diagnose a clinical condition, such as, for example, 

an inflammatory response in an individual. 

The principles and operation of the present invention may be better 

understood with reference to the drawings and accompanying descriptions. 
10 Before explaining at least one embodiment of the invention in detail, 

it is to be understood that the invention is not linndted in its application to the 

details of construction and the arrangement of the components set forth in 

the following description or illustrated in the drawings. The invention is 

capable of other embodiments or of being practiced or carried out in various 
15 ways. Also, it is to be understood that the phraseology and terminology 

employed herein is for the purpose of description and should not be 

regarded as limiting. 

Currently utilized methods for evaluating body fluids which use 

automated instruments require relatively large amounts of body fluid such 
20 as a blood sample in order to perform an accurate diagnosis. This drawback 

imposes severe limitations since test repetition is often required for accurate 

diagnosis or for monitoring the progression of a clinical condition over 

time. 

The present invention provides a novel approach for analyzing 
25 biological samples of minimal volume to thereby enable accurate diagnosis 
of a variety of disorders and conditions using on-site as well as remote 
diagnosis configurations. 

As used herein, the term "profile" refers to a magnified image of a 
body fluid sample which is representative of such a sample and which 
30 provides an initial indication of an individual's clinical condition. 
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As used herein, the phrase "body fluid" refers to a fluid sample 
obtained from a tested individual. Preferably, the body fluid sample is a 
blood sample obtained by standard techniques such as, a finger prick, or 
venous drawing. Other body fluids utilizable by the present invention are 
5 urine, saliva, lymph fluid, milk, cerebrospinal fluid, etc. 

As used herein, the phrase "particulate components" refers to cellular 
and non cellular components of a body fluid, including, but not limited to, 
blood cells, platelets, proteinaceous material, such as hemoglobin and the 
like. 

10 Referring now to the drawings. Figure 1 illustrates one possible 

configuration of the system for generating a profile of particulate 
components of a body fluid sample, which is referred to hereinunder as 
system 10. 

System 10 includes a device 12 which serves for causing a controlled 
15 flow of a body fluid sample when placed on a substrate 14 which is 
detachably attached to device 12. Substrate 14 can be any solid support 
onto which the body fluid sample is placed following collection and 
optionally processing. Examples include, but are not limited to, a glass or a 
plastic sample carrier (e.g. slide) which are optionally pretreated with, for 
20 example, antibodies or chemicals capable of modifying the surface property 
of the carrier. 

According to one preferred embodiment of the present invention, 
device 12 is a holder which is capable of holding substrate 14 in an 
essentially angled position so as to allow controlled flow of the body fluid 
25 sample under the force of gravity for any predetermined time period. 

According to another preferred embodiment of the present invention, 
device 12 is a centrifuge, such as for example a clinical centrifiige which is 
capable of exerting a centrifugal force on the body fluid sample placed on 
substrate 14. 

30 In any case, when subjected to a gravitational or centrifugational 
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force for a predetermined time period, a tested body fluid sample flows in 
the direction of the force. During this movement, each particulate 
component of the body fluid sample adheres to substrate 14 at a position 
which is dependent on the size, aggregation tendencies as well as adherence 
5 properties of the component. In general, smaller aggregates or components 
tend to move a greater distance on substrate 14 then larger aggregates or 
components. 

As is further described in the Examples section which follows, this 
differential distribution of the particulate components on substrate 14 which 

10 is generated by device 12, represents a profile of particulate components of 
the body fluid sample. 

To enable viewing of the profile generated, system 10 further 
includes a magnifying device 18. Magnifying device 18 can be a light 
microscope such as, for example, an inverted light microscope, a confocal 

15 microscope, or a phase microscope or any magnifying device capable of 
providing a magnified image of the differentially distributed particulate 
components. 

It will be appreciated that although the above described configuration 
of system 10 is sufficient for enabling preliminary analysis of the profile of 

20 particulate components by a skilled operator, an imaging device which can 
capture and display the magnified image of the profile is preferably also 
utilized by system 10. 

Thus, according to another preferred embodiment of the present 
invention, system 10 further includes an imaging device 18 which serves for 

25 capturing the magnified image provided by magnifying device 16. Imaging 
device 18 can be a camera, such as, a charged coupled device (CCD) 
camera, a scanner, a video camera, etc, or any other device capable of 
capturing an image of the profile of particulate components. Imaging 
device 18 may be wired to a display 20, such as a computer display, and/or a 

30 printer which serve for displaying and/or printing the magnified image 
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captured by imaging device 18. 

Captured and displayed and/or printed images provide an operator 
with a permanent and possibly enhanced record with which an initial 
evaluation of a patient condition can be effected. Additionally, captured 
5 images can provide an indication regarding the quality of the separation of 
the particulate components and also enable storage of collected data over a 
period of time. 

It will be appreciated that although initial profile analysis can be 
extracted from such magnified images, especially when performed by an 
10 expert, additional information can be obtained from computerized image 
processing. 

Such computerized analysis is effected according to predetermined 
processing parameters which are not dependent on the skill of the operator. 
As such, computerized processing can yield more accurate and reliable 
15 results especially when analyzing and comparing numerous samples from 
various patients. 

Thus, according to another preferred embodiment of the present 
invention, system 10 further includes an image analyzer 22 which is in a 
direct or indirect communication with the imaging device 18 (as indicated 

20 by 21). Image analyzer 22 is designed and configured for analyzing the 
profile of the particulate components in the body fluid sample. 

Preferably, image analyzer 22 includes a processing imit 23 which 
executes a software application or a collection of applications designed and 
configured for analyzing and optionally characterizing the profile of the 

25 particulate components of the body fluid sample (see the Examples section 
for further detail) 

As is described in the Examples section which follows, such analysis 
is effected according to one or more parameters, each individually obtained 
from various FOVs (fields Of View) captured from the sample following 
30 processing by device 12. Depending on the parameter analyzed, the sample 
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can be prestained to enhance general cellular features, specifically stained to 
enhance features such as for example, a cell surface or plasma protein (e.g. 
antibody staining) or left unstained. 

Examples of parameters which can be evaluated include, but are not 
5 limited to, estimated hemoglobin concentration, approximated leukocyte 
count and differential, approximated platelet count, degree of leukocyte 
aggregation, aggregate composition, degree of leukocyte adherence to the 
surface of the substrate, degree of red cell aggregation, degree of platelet 
aggregation and degree of leukocyte to erythrocyte interaction as well as 
1 0 leukocjiie platelet interactions. 

Each of the above mentioned parameters can be analyzed and 
evaluated individually or in combination with other parameters in which 
case the effect of one parameter on another is also considered. 

In any case, following analysis, each processed parameter or group of 
15 parameters is assigned a value which an be compared to value ranges 
(normal/abnormal) which are predetermined according to statistically 
processed data accumulated by system 10, or to data previously obtained by 
system 10 from the same patient. 

Examples of parameter processing and evaluation and association of 
20 such processed parameters with various clinical conditions are given in the 
Examples section which follows (see for example. Table 2 therein). 

To display analysis results, image analyzer 22 preferably also 
includes a display 24. Display 24 can so serve for displaying the magnified 
image so as to allow an operator to verify processed results. 
25 For example, an output which includes both numerical and image 

data can provide an operator with good and accurate indication of the 
clinical state of a patient. 

Thus, system 10 of the present invention can provide a physician or 
operator thereof with processed data pertaining to the clinical condition of a 
30 patient- As is further described in the Examples section which follows, such 
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a clinical condition can be indicative of a disorder, an infection or a trauma. 
For example, indications of an inflammatory response caused by acute 
bacterial or viral infection or by exposure to a chemical agent can be 
accurately detected by the system of the present invention by processing 
5 image data obtained jfrom a processed blood sample of minimal volume (see 
Example 6 of the Examples section for further details). 

The present invention can also be utilized to asses an atherosclerosis 
risk factor of an individual by evaluating one or more parameters including, 
but not limited to, leukocyte number, leukocytes adhesiveness/aggregation 

10 state (LAAT), eiythrocytes adhesiveness/aggregation state (EAAT), as well 
as the platelet adhesiveness/aggregation test (PAAT). 

It will be appreciated that image data can be processed by analyzer 
22 either at the site of sampling (on-site analysis) or at a remote location 
(remote analysis) to provide such diagnosis. 

15 In an on-site configuration of system 10, sample processing, image 

capturing and parameter analysis can be effected by a single integrated 
device which includes the functions of devices 12, 16, 18 and image 
analyzer 22. It will be appreciated that in such an on-site configuration of 
system 10 a single computing platform having a single display can function 

20 in displaying the magnified image captured by imaging device 18, in 
processing such image data and in displaying the processed data to the 
operator. 

Figure 2 illustrates a remote configuration of system 10 of the 
present invention. 

25 In such a configuration, the communication between a remote image 

analyzer 22 and imaging device 18 is effected through a communication 
network 26. Communication network 26 can be any private or public 
commimication network including, but not limited to, a standard or cellular 
telephony networic, a computer network such as the Internet or intranet, a 

30 satellite network or any combination thereof. 
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As illustrated in Figure 2, communication network 26 includes one or 
more communication servers 28 (one shown in Figure 2) which serves for 
communicating data pertaining to the magnified image captured by at least 
one imaging device 18 from at least one sample processing location to 
5 remote image analyzer 22. 

Thus, an image captured by imaging device 18 at a specific sampling 
site 32 can be communicated via a dedicated computer terminal 30 to a 
remote analysis site 33, for analysis via image analyzer 22 and/or a skilled 
operator. Such communication can be effected via, e-mail communication, 
10 FTP transfer, direct Web-site upload or the like through, for example, a 
computer network such as the Internet. Preferably, the image data is 
compressed and optionally encoded prior to communication so as to enable 
rapid and accurate transmission. In addition, in order to avoid transmission 
errors, image data communicated from a sampling site 32 can be verified by 
15 remote analysis site 32 prior to analysis. 

It will be appreciated that existing computer networks such as the 
Intemet can provide the commxmication and applications necessary for 
supporting data communication between any number of sampling sites 32 
and remote analysis sites 33. 
20 For example, using the World Wide Web, image data collected at a 

sampling site can be "uploaded" onto a Web site maintained by a database 
server 34. Such an upload can be effected by a web browser program 
operated by computer terminal 30. Following uploading, the database 
server which serves as image analyzer 22 processes the image data as is 
25 described hereinabove. 

Following analysis, which can be performed in real time, the results 
can be displayed at the web site maintained by database server 34 and/or 
conmiunicated back to sampling site 32, via for example, e-mail 
communication. 
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As used herein, the term "Web browser" or "browser" refers to any 
software application which can display text, graphics, or both, from Web 
pages on World Wide Web sites. Examples of Web browsers include, 
Netscape navigator, Internet Explorer, Opera, iCab and the like. 
5 Hereinafter, the term "Web site" is used to refer to at least one Web 

page, and preferably a plurality of Web pages, virtually connected to form a 
coherent group of interlinked documents. 

Hereinafter, the term "Web page" refers to any document written in a 
mark-up language including, but not limited to, HTML (hypertext mark-up 

10 language) or VRML (virtual reality modeling language), dynamic HTML, 
XML (extended mark-up language) or related computer languages thereof, 
as well as to any collection of such documents reachable through one 
specific Internet address or at one specific World Wide Web site, or any 
document obtainable through a particular URL (Uniform Resource 

15 Locator). 

Thus, using the Internet, a remote configuration of system 10 can 
provide image analysis services to a plurality of sampling sites 32 (one 
shown in Figure 2). For example, each site 32, which can be, for example, a 
laboratory can maintain an account with database server 34 which account 

20 enables a laboratory technician to either submit image data for analysis or to 
perform analysis using analysis tools provided by database server 34. In 
addition, such an accoimt could also enable restricted access to stored 
records and statistical data gathered and processed by database server 34. 

Thus, the remote configuration of system 10 of the present invention 

25 functions as an application service provider (ASP) enabling the provision of 
diagnostic services to one or more sampling sites 32. 

It will be appreciated that this configuration of system 10 of the 
present invention is especially advantageous in cases where diagnosis of 
samples can not be effected on-site. For example, laboratories which are 

30 situated in remote location or which lack the equipment necessary for 
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analysis greatly benefit from telemedicine services providable by the remote 
analysis system of the present invention. In addition, the present invention 
may also be advantageous during research or space expeditions, or battle 
situations in which an accurate assessment of an individuals clinical 
5 condition which can not be performed otherwise is of great importance. 

Thus, the system of the present invention can be utilized to evaluate a 
clinical condition in a patient either in an on-site or a remote configurations 
to thereby determine the presence or absence of a variety of disorders and 
conditions. 

10 The present invention provides several distinct advantages over prior 

art diagnostic systems and methods. By enabling accurate diagnosis from a 
body fluid sample of minimal volume it enables diagnosis in infants or in 
individuals from which large volumes of blood cannot be dravm, thus 
traversing the limitations imposed upon prior art systems and methods. In 

15 addition, since it easily implementable in telemedicine practices, the 
provision of advanced diagnostic services to isolated locations or to location 
which lack the know how or equipment can be effected. 

Additional objects, advantages, and novel features of the present 
20 invention will become apparent to one ordinarily skilled in the art upon 
examination of the following examples, which are not intended to be 
limiting. Additionally, each of the various embodiments and aspects of the 
present invention as delineated hereinabove and as claimed in the claims 
section below finds experimental support in the following examples. 

25 

EXAMPLES 

Reference is now made to the following examples, which together 
with the above descriptions, illustrate the invention in a non limiting 
30 fashion. 
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Generally, the nomenclature used herein and the laboratory 
procedures utilized in flie present invention include molecular, biochemical, 
microbiological and recombinant DNA techniques. Such techniques are 
thoroughly explained in the literature. See, for example, "Molecular 

5 Cloning: A laboratory Manual" Sambrook et al., (1989); "Cxirrent Protocols 
in Molecular Biology" Volumes I-IH Ausubel, R. M., ed. (1994); "Cell 
Biology: A Laboratory Handbook", Volumes I-III Cellis, J. E., ed. (1994); 
"Culture of Animal Cells - A Manual of Basic Technique" by Freshney, 
Wiley-Liss, N. Y. (1994), Third Edition; "Current Protocols in 

10 Immunology" Volumes I-IE Coligan J. E., ed. (1994); Stites et al. (eds), 
"Basic and Clinical Immunology" (8th Edition), Appleton & Lange, 
Norwalk, CT (1994); Mishell and Shiigi (eds), "Selected Methods in 
Cellular Immunology", W. H. Freeman and Co., New York (1980); 
available immimoassays are extensively described in the patent and 

15 scientific literature, see, for example, U.S. Pat. Nos. 3,791,932; 3,839,153; 
3,850,752; 3,850,578; 3,853,987; 3,867,517; 3,879,262; 3,901,654; 
3,935,074; 3,984,533; 3,996,345; 4,034,074; 4,098,876; 4,879,219; 
5,01 1,771 and 5,281,521; "Animal Cell Culture" Freshney, R. I., ed. (1986); 
"ImmobUized Cells and Enzymes" IRL Press, (1986); "A Practical Guide to 

20 Molecular Cloning" Perbal, B., (1984) and "Methods in Enzymology" Vol. 
1-317, Academic Press; "Strategies for Protein Purification and 
Characterization - A Laboratory Course Manual" CSHL Press (1996); all of 
which are incorporated by reference as if fully set forth herein. Other 
general references are provided throughout this docimient. The procedures 

25 therein are believed to be well known in the art and are provided for the 
convenience of the reader. All the information contained therein is 
incorporated herein by reference. 



30 
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EXAMPLE 1 

Generation of a blood sample profile and image for particulate 

components evaluation 
The method of the present invention was compared to routinely used 
5 laboratory tests in the ability to predict the presence or absence of an 
inflammatory response. 

As is further detailed hereinbelow, the method of the present 
invention is as accurate as routinely used laboratory tests such as, white 
blood cell coimt (WBCC), erythrocyte sedimentation rate (ESR) as well as 
10 quantitative C-reactive protein (CRP). 

Blood Sample Preparation: 

Blood samples were prepared as previously described (Berliner, 
Fishelson, et al, 1987) with some modifications. Briefly, blood was drawn 
into a syringe which contained sodiirai citrate (one volimie of 3.8% citrate 

15 andthree volumes of peripheral blood). Several large drops of blood were 
placed on a glass slide which was held at an angle between SO*'- 45° for 2-3 
seconds, allowing the blood drops to run down the slide, thus coating part of 
the slide with a fine film of blood. The slides were then dried in an 
incubator or at room temperature, while positioned at an angled or at a 

20 horizontal position. Manual hematoxylin staining was performed although 
any known automatic staining machines such as the HEMA TEK slide 
stainer (AMES) or HEMA TEK bloc colorant stain pack (Bayer 
Diagnostics) can also be utilized. 

Obtaining an optical image: 

25 Several preselected fields of view (FOV) of the slide sample were 

obtained by a microscope. The FOVs may be manually or automatically 
selected and may be obtained at similar or different magnification levels. 
The magnification levels used are typically xlOO, x200 or x400; a xl,000 
ocular is typically not used for the examination. Due to the relative 

30 thickness of the blood film on the glass substrate, not all the leukocytes 
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were present at the same focal length and as such, the focal length had to be 
adjusted during the examination. 

Preferably, imaging of the results is carried out using the 
INFLAME'n^, image analysis system which consists of a Pentium 

5 computer running Windows 95, equipped with a Matrox Meteor color frame 
grabber [Berliner et al IntJ.Lab.Clin.Res.30(2000)27.31] a color CCD 
camera and a microscope operating at a x200 magnification thus resulting in 
an image resolution of 0.4 micron per pixel. Nine images which were 
chosen systematically to sample different regions on the slide and which 

10 covered a total area of 0.6 nrni^ were obtained and analyzed from each slide. 
Each image was processed separately and the outputs were then averaged to 
form a final output for each slide. 

EXAMPLE 2 
Blood cell count and differential 

15 Acute phase response variables were analyzed by determining a 

white blood cell count and differential via the Coulter STKS electronic cell 
analyzer and by erythrocyte sedimentation which was performed as 
previously described (Westergren, International committee for 
standardization in hematology. Recommendation of measurement of 

20 erythrocyte sedimentation of human blood, 1965). Fibrinogen concentration 
was performed by using the method of Clauss (Clauss, 1957), and the 
Sysmex 6000 autoanalyzer, while the highly sensitive C-reactive protein 
concentrations (CRP) were determined by using the Dade Behring BN II 
nephelometer as described elsewhere (Rifai, tracy et al 1999) 

25 EXAMPLES 

Evaluation of an optical image of a blood sample profile 
Images obtained by the above procedure can be evaluated either 
manually or automatically as is further described hereinbelow. 
Manual image characterization: 

30 The information obtained from the optical image provided by the 
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system of the present invention, which represents a profile of the particulate 
components therein may be analyzed manually by a physician or a trained 
technician in order to evaluate the probability of the existence of an 
inflammatory reaction in the sample. This evaluation is based on the 

5 appearance of the various cellular components of the body fluid and the 
interactions between such components (for example adhesion and/or 
aggregation of various cell types). The information obtained from the 
optical instrument may also be transferred prior to, or following an initial 
analysis by a physician, to a computerized system capable of processing 

10 various qualitative and quantitative parameters of the particulate 
components of the body fluid sample. 

Computerized image characterization: 

Several parameters can be identified and characterized via 
computerized image analysis. The number of white blood cells on a slide 

15 and the leukocyte adhesiveness/aggregation test (LAAT) can be assessed 
using the inflammation meter application software which detects white 
blood cells based on their color, shape and size characteristics and sorts 
them into clusters. Special attention is given so as to correctly detect and 
classify white blood cells even when they are in close proximity. For that 

20 purpose a special algorithm which mles out errors resulting in artifacts 
leukocyte merging and the like is utilized. 

For the purpose of cluster analysis, two leukocytes were considered 
as being near to each other if the distance between their centers was less 
than 10 microns. The aggregation level of a slide was defined as the 

25 percentage of leukocytes in clusters of size > 1 . 

The eiythrocyte adhesiveness/aggregation test (EAAT) was utilized 
to determine the state of eiythrocyte adhesiveness/aggregation in the 
peripheral blood. EAAT is determined by using the same image analysis 
system described above (INFLAMET"). The variable of erythrocyte 

30 aggregation used to describe the state of erythrocyte 
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adhesiveness/aggregation is the vacuum radius Color characteristics 

are used to classify image pixels into two classes in order to define this 
variable- The two classes were as follows: 

(i) Class 1: Aggregates of erythrocytes. 

5 (ii) Class 2: Everything else (plasma, platelets, leukocytes). 

A description of one-point and two-point statistics for this 
classification turned out to require very few parameters. The main reason 
for this is that the image statistics are homogenous (position-independent) 
and isotropic (direction-independent). The two-point statistics are described 

10 by the probability of assigning a pixel to class 1 , given that it is a distance r 
from a pixel class 1, and, similarly, the probability of assigning a pixel to 
class 2, given that it is a distance r from a pixel of class 2. These 
probabilities are 1 for r=0 and they decrease as a function of r. The precise 
dependence of these probabilities on the inter-pixel distance r does not 

15 seem to convey biologically significant information. It was foimd that this 
is sufficient to calculate the distances for which the probability falls below a 
threshold which was fixed at 0.7 and labeled them the VR for class 2. This 
parameter, measured in microns, provide an idea of what is the typical size 
of erythrocyte aggregates and plasma "spaces". 

20 EXAMPLE 4 

Results-manual analysis 
Images acquired according to the teachings of the present invention 
can be analyzed manually by a physician or a trained technician in order to 
evaluate the probability of the existence of an inflammatory reaction in the 

25 sample. Such an evaluation is based on the sample profile which is 
characterized by the appearance of various cellular components of the body 
fluid and the interactions between them. 

Described below are examples of various images representing 
profiles of differentially distributed particulate components generated from 

30 blood samples of several different patients suffering from inflammation 
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caused by variety of inflammatory stimuli. When analyzed manually, the 
images were communicated from a camera to a computer display so as to 
enable a physician to characterize and evaluate the patient clinical condition 
and to determine whether or not the patient is suffering from an 

5 inflammatory response. 

Figure 3 represents red blood cell aggregation in a patient exhibiting 
an accelerated erythrocyte sedimentation rate. The inflammation meter 
permits a quantitative analysis of the degree of aggregation which is 
proportional to the sedimentation rate. Results were obtained on unstained 

10 slides within 10 minutes from blood drawing. The arrow indicates the 
aggregated red blood cells. This image analysis mdicated that the patient 
from which the blood sample was taken is suffering from an mflammatory 
disease. 

Figure 4 represents an image of a control blood sample which was 
15 taken from a healthy mdividual. As seen therein, most of the red blood cells 
exist in a non-aggregated state. This precludes the presence of a significant 
acute phase response. The number of single red blood cells can be analyzed 
to exclude the presence of increased concentrations of "sticky" proteins, 
such as fibrinogen, fibronectin, haptoglobin, ceruloplasmin, and the like in 
20 the peripheral blood. It will be appreciated that the profile presented by 
such an image can be used to exclude the presence of the acute phase 
response with no need to measure the concentrations of such "sticky" 
proteins. 

Figure 5 illustrates an image acquired from a blood sample taken 
25 from an individual suffering from an inflammatory response which is 
characterized by a separation of white blood cells from the red blood cells. 
Such a situation results from the process of red cell aggregation. During the 
process of aggregation, leukocytes are "expelled" from the red blood cell 
mass formed. This separation is analogous to the formation of a "buffy 
30 coat" which is practically a separation of white cells from red blood cells. It 
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is known that a spontaneous formation of a leukocyte rich plasma which 
occurs when a blood sample is kept in IG is proportional to the 
sedimentation rate and is enhanced during inflammation. 

Figure 6 is an image depicting a typical situation in which leukocytes 
5 and erythrocytes form close interactions. Such interactions are mediated by 
the sticky proteins which exist during an inflanunatory response and as such 
are often indicative of an acute phase response. These interactions are 
clearly represented by Figure 6 as special "pockets" which form when the 
surface of a red blood cell aggregate has adapted to the shape of the 

10 sojourning leukocyte. Such leukocyte-erythrocyte interactions are mediated 
by the "sticky proteins" which are present in the circulation and/or changes 
in the surface of the cells otherwise one cannot explain why there is no 
random distribution of the leukocyte cell over the slide. 

Figure 7 is an unage illustrating platelet aggregation (arrows) which 

15 can be detected in the peripheral blood of an individual suffering from an 
inflammation. Such a phenomenon is not seen in control patients. This 
aggregation which can be quantitated by the present invention, can serve as 
supporting evidence to an inflammatory response involving both acute 
phase protein synthesis and platelet activation. 

20 Figure 8 illustrates leukocyte-platelet interaction (arrow) which is 

indicative of an inflammatoiy rei^onse marked by cellular activation 
determined using whole blood flow cytometry. 

Figure 9 illustrates a massive leukocyte aggregation in a blood 
sample taken from a patient suffering from a severe inflammatory response. 

25 In this case, the intensity of the inflammatory response can be correlated to 
the degree of leukocyte aggregation. 

Figure 10 illustrates entrapment of white blood cells and platelets in 
proteinaceous rich areas (A) as compared to areas in which there is no 
proteinaceous material (B) where no cellular elements are seen. The above 

30 phenomena is seen only in patients with an acute phase response and not in 
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samples from control individuals. Arrows indicate the border between the 
proteinaceous rich and poor areas. 

Figure 11 represent number of fields of view (FOVs) of slides 
prepared using the system of the invention from samples of control 
5 non-inflamed individuals (upper eight pictures) as compared to a sample 
taken from an individual suffering from sepsis. The picture clearly shows 
that the sample taken from the patient suffering from inflammation is 
colored more extensively than the sample taken from the control 
non-inflamed individual due to the acute phase response in the inflamed 

10 individual resulting in increase in the level of proteins which absorb more 
color during the staining procedure. 

Fig. 12 represent number of FOVs from two samples (obtained as 
explained in Fig. 1 1 above). The eight upper pictures shows FOVs from a 
slide prepared from a sample taken from an individual suffering from a 

15 bacterial infection as compared to the lower eight pictures showing FOVs of 
a slide from a sample obtained from a person suffering from a viral 
infection. The difference in the aggregation of the cells is clearly seen 
wherein massive aggregation is seen in the sample taken from an individual 
suffering from bacterial infection as compared to very little or no 

20 aggregation in the sample taken from the individual suffering from a viral 
infection. In addition, the sample taken from the bacterial infection is much 
more intensely stained than the sample taken from the viral infection due, 
most probably, due to the fact that the patient with the viral infection has no 
acute phase response. 

25 Fig. 13 represent a sample prepared in accordance with the invention 

from a woman suffering from bacterial infection. The leukocytes, 
erythrocytes and platelet aggregation seen in the picture show a typical 
picture of a significant inflammatory response. 

Fig. 14 represent a sample prepared in accordance with the invention 

30 from an individual suffering from a viral infection. The picture reveals 
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aggregation of lymphomononuclear leukocytes but shows no signs of 
aggregation or intense staining due to an acute phase response which is 
absent in the viral infection- 

EXAMPLES 

5 Results^omputerized analysis 

The information acquired from the imaging device may also be 
transferred prior to, or following an initial analysis by a physician, to a 
computerized system capable of processing various qualitative and 
quantitative parameters of the particulate components of the body fluid 

10 sample. Such parameters can be for example, a number of white blood cells 
or a leukocyte adhesiveness/aggregation test (LAAT). These parameters 
can be assessed using, for example, the inflammation meter application 
software of the INFLAMET™ system which detects white blood cells based 
on their color, shape and size characteristics and sorts them into clusters. 

15 The results obtained from this computerized analysis may be used in order 
to evaluate the probability of the existence of an inflammatory reaction in a 
body fluid sample. Such an existence can be assessed from the presence of, 
and interactions between, various cellular and non cellular components. 

Described below are examples of computerized analysis of various 

20 images using the INFLAMET™ system described hereinabove. These 
examples, represent profiles of differentially distributed particulate 
components generated from blood samples of several different patients 
suffering from inflammation caused by variety of inflammatory stimuli. 
A typical image analysis process includes the following steps: 

25 (1) Pixel RGB values are converted to HSL (Hue-Saturation- 

Luminescence) color space. 

(2) The luminescent image is "smoothed" using a lowpass filter 
and its histogram is searched for a "natitraV' threshold. The natural 
threshold is found as a value, a preset neighborhood of which (32 levels) 

30 has minimal mass, but excluding the top and bottom 10% percentiles of the 
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histogram. The luminescence image is binarized using this threshold, thus 
yielding a preliminary erythrocyte image. 

(3) A pixel in the image is considered a leukocyte candidate, if its 
hue value lies in a predetermined interval (corresponding to shades of 

5 blue-violet) and its saturation is greater than a predetermined threshold. 

(4) The binary image consisting of the leukocyte candidate pixels 
is filtered by a circularly symmetric Gaussian mask with a size proportional 
to a normal leukocyte diameter. A search is made in the resulting gray-level 
image for local maxima in a 5x5 pixel area and values which are larger than 

10 a predetermined threshold are considered for further processing. 

(5) The binary image consisting of leukocyte centers is labeled 
into connected components (blobs). All blobs with an area greater than a 
predetermined threshold (8 pixels) are rejected. Only the centroid of other 
blobs are retained. 

15 (6) The erythrocyte and leukocyte images are matched and 

logically summarized using the binary "AND" function, and the result is 
morphologically opened, thus providing a final erythrocyte image. 

(7) A plasma image is created by taking the negative of the 
erythrocyte image. A disk of a 4 micron radius is removed around each 

20 leukocyte center from both the erythrocyte and plasma images. The plasma 
image is twice morphologically eroded with a circular mask of a 3 pixel 
radius. 

(8) All blobs with an area smaller than a predetermined threshold 
(100 pixels) are eliminated from the erythrocyte image. 

25 (9) All blobs with an area smaller than a predetermined threshold 

(400 pixels) are eliminated from the erythrocyte negative image. 

(10) Blobs in the erythrocyte negative image are labeled, and the 
area and boundary curvature for each blob are computed. 

(11) The average of the boundary curvature of blobs whose area is 
30 larger than half the largest blob area is determined. The reciprocal of this 
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average, which is termed as the mean radius of curvature (RC), is used to 
quantify the smoothness of plasma blobs. 

(12) The sum of perimeter squared of the blobs of the erythrocyte 
negative image is divided by the sum of their areas. This is divided by 4n 

5 and the result is converted by the function f as follows: 
f(x) = l/(x-l) if X > 1, otherwise f(x)=10. 

(13) The result is denoted VC, and is used to quantify the 
roundness of plasma blobs. 

(14) The RGB components of pixels in plasma area are 
10 histogrammed and the maxima of these histograms are found. The RGB 

histogram peak triplet is converted to HSL coordinates; the S coordinate is 
termed protein index and is used to quantify the staining of plasma due to 
proteins. 

(15) The mean gray level of luminance at pixels corresponding to 
15 erythrocytes is used to quantify the erythrocyte aggregate homogeneity. 

(16) The basic statistics collected for erythrocytes include the 
following: probability that a pixel is in erythrocyte area (named erythrocyte 
area percentage), conditional probabilities that a pixel is (is not) in an 
erythrocyte area given that another pixel is (is not) in an erythrocyte area, 

20 calculate as a fimction of the distance between the two pixels. This enables 
to calculate the distance, such that the probability P (erythrocyte) adjusts to 
a preset threshold (0.7). This distance is termed "erythrocyte aggregation 
raditis'\ Additionally, such a distance could be calculated such that the 
probability P (not erythrocyte) adjusts to the same threshold. This distance 

25 is named "vacuum radius 

(17) Leukocyte centers are merged as follows; any pair of 
centroids nearer than a preset threshold (3 microns) is replaced by the mean 
point until there are no more of such pairs to merge, thus, obtaining a final 
list of leukocyte centers. 

30 (18) Any two centers located nearer than a threshold distance 
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(12.5 microns) are considered to belong to the same cluster. Thus all 
leukocytes are divided into disjoint clusters. 

(19) The basic statistics collected for leukocj^es is the histogram 
of cluster sizes. From this, the total leukocyte number and the percentage of 

5 leukocytes in aggregates (or in aggregates larger than a preset count) are 
calculated. 

(20) Leukocyte are classified as ''far'\ "near" or ''inside** with 
respect to the erythrocyte aggregate area. Considering this classification 
procedure as taken together with the classification into isolated vs. 

10 aggregated leukocytes, leukocj^es are actually divided into six categories. 

The processing algorithm leading to this classification consists of the 
following: 

a circle around the center of a leukocyte of a diameter of 12|jm is 
considered. The pixels nearest to this circle are classified as erythrocyte 
15 aggregates or not. The leukocyte is considered as "far'', if tiie proportion of 
the erythrocyte related pixels on the circle falls below a threshold (10%). 
The leukocyte is considered as "inside", if the proportion of the erythrocyte 
related pixels on the circle is higher than a threshold (60%), or if the largest 
angular sector of non-erythrocyte pixels on the circle falls below a threshold 
20 (25%). In all other cases, the leukocyte is considered as "near". 

The above detailed description represent one possible algorithm for 
processing a stained blood sample. Data processing for an unstained blood 
sample is generally similar to that of the stained blood sample. 

In an unstained sample, the criteria for leukocyte candidate pixels 
25 . (step 3 above) must be changed to take into accoxmt the lack of staining. 

To this end, the following scheme can be used: 
Accumulate histogram of red minus green for pixels in erythrocyte area and 
set a threshold such that a predetermined proportion (0.01) of this histogram 
falls below it. 

30 The criteria for candidate pixels can be represented as follows: 
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luminance > predetermined (200) AND red - green < Threshold 
OR 

luminance > predetermined (160) AND red - green < predetermined (15) 
OR 

5 luminance > predetermined (120) AND red - green < predetermined (0) 
Following determination of leukocyte centers (step 5 above), more tests are 
conducted in order to confirmed these cells as true leukocytes. 
These tests consist of the following: 

(a) Dark boundary test: in at least 6 out of 8 directions, when 
10 moving outward from a leukocyte center one must encounter a pixel darker 

[having luminance lower by predetermined constant (20)] than the center 
point of a predetermined distances between leukocyte centers (1 to 5 
microns). 

(b) Size test: the average radius at which the dark boundary is 
15 found, must be greater than a threshold (2 microns). 

EXAMPLE 6 
Clinical examples 
The present invention was utilized in order to assess the presence or 
the absence and the severity of an inflammatory response in a variety of 
20 patients. 

Profiles obtained according to the teachings of the present invention 
from various patients were assessed for indications of an inflammatory 
response and compared to data acquired via prior art diagnostic techniques. 
A 72 year old woman was hospitalized with a five day fever, chills 

25 and urinary symptoms. She presented leukocytosis of 17000 cells/mm^ 
(normal < 10500 cells/mm^) and a shift to the left in the differential count- 
The erythrocjnte sedimentation rate was 99 mm per hour and the markers of 
the acute phase response including CRP, fibrinogen, haptoglobin, 
ceruloplasmin as well as ferritin were increased. Three out of three blood 

30 cultures taken from the patient as well as the urinary culture were positive 
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for KcolL A typical blood sample profile showing a significant 
inflammatory response including leukocyte, erythrocyte and platelet 
aggregation is illustrated by Figure 13. 

A 32 year old man was hospitalized with a one week fever, sore 

5 throat, lymphadenopathy and splenomegaly. The blood test revealed 17000 
leukocytes/mm^ and lymphomonocytosis. The patient erythrocyte 
sedimentation was normal and there was no evidence of an acute phase 
response. The patient recovered with no specific treatment and had positive 
serology for infectious mononucleosis. The profile illustrated in Figure 14 

10 reveals aggregation of lymphomononuclear leukocytes and no acute phase 
response. 

A study comparing the diagnostic capabilities of the system of the 
present invention to routine white blood cell count (WBCC) was also 
undertaken. 

15 The study included 121 patients with an acute non-viral 

infection/inflammation including patients having a urinary tract infection, 
pneumonia, gastroenteritis, meningitis and more. The mean ± S.D. patient 
age was 64 ± 2 1 years. 

The control group included 81 healthy members of the medical staff 

20 31 ± 9 years of age as well as 50 patients 63 ± 13 years of age hospitalized 
due to chest pain and having no history of a recent infection/inflammation 
or evidence of an acute myocardial infarction. 

The total WBCCs and differentials were evaluated by the Coulter S+ 
analyzer . It was shown that 40 out of the 121 patients had a WBCC level 

25 within the normal range and 81 of the patients had a WBCC level above that 
of the healthy individuals. 

Table 1 below represents data obtained using the system of the 
present invention. As is clearly shown therein, the present invention 
enables to detect an inflammatory response even in cases where prior art 

30 techniques fail to provide such a detection. 
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A cut off point of 18% ( M+1S.D. ) aggregation was calculated 
according to data obtained from healthy individuals. Of the 40 patients 
having an acute non-viral infection/inflammation and no leukocytosis, a 
group which included 62% of the patients had values of aggregation higher 

5 than the threshold value, while a group representing 38% of the patients had 
an aggregation value higher than 24% which is 2 S.D. above that of 
healthy individuals. 

The above results clearly demonstrate that analyzing white blood cell 
aggregation according to the teachings of the present invention can be 

10 utilized for detecting non-viral infection/inflammation even in individuals 
which do not have leukocytosis. Figures 15a-c are images obtained from 
samples of individuals suffering from mild, moderate and severe 
inflammation according to the teachings of the present invention. 



Table 1 





Control 


p value 


Non-viral infection/inflammation 








WBCC< 

10500 

percm^ 


p value 


WBCO 10500 
per cm^ 


WBCC 

(cells per cm^) 


7270 1598 

w=126 

(3900-10900) 


< 0.0001 


8406 1668 
n = 40 

(4000-10400) 


< 0.0001 


15808 5178 
« = 81 

(10700-38900) 


Aggregation 
% 


11.8 6 

w = 56 
(60-263) 


< 0.000 1 


22 8.4 
« = 40 
(4-44) 


< 0.0001 


30 11 
/i = 81 
(5-65) 



WBCC was determined using Coultw S + auto analyzer 

% Aggravation was measured in accordance with the present invention. 



A comparison study was performed using peripheral blood samples 
obtained from 75 children with acute febrile conditions as well as from 16 
non-febrile children (controls). The children were examined at the Shaare 
Zedek Medical Center in Jerusalem and blood samples obtained therefrom 
were screened by system of the present invention for white blood cell 
aggregates. Results were compared to WBCC values obtained by electronic 
coimter. 



20 



25 
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The children were divided into the following four groups: 

(i) Acute bacterial infection: children having lobar pneumonia, 
acute pyelonephritis or other acute bacterial infections with positive 
cultures. 

5 (ii) Acute viral infections: children who were evaluated because 

of an acute febrile disease suggestive of viral etiology, with additional 
evidence being provided by serology or negative cultures. All the children 
in this group recovered without receiving any antibiotic treatment. 

(iii) Acute febrile disease: children in which clinical diagnosis 
10 was uncertain. 

(iv) Controls: nonfebrile children who were evaluated before 
undergoing elective surgery (e.g. herniorrhaphy). 

Sampling and analysis of WBCC and differential counts were 
performed by using EDTA containing tube and the Coulter STKS electronic 

15 cell counter . Standard reference values for age-adjusted normal values of 
the leukocyte coimts were used. Slides were prepared from saniples 
obtained from the children in accordance with the teachings of the present 
invention and the quantification of white blood cells and white blood cell 
aggregation was carried out as described above. 

20 The results of this study showed that the system of the present 

invention enables accurate identification of an acute bacterial infection even 
in cases where a WBCC falls within accepted normal limits. 

For example, a child which tested as having a very low WBCC 
presented the highest leukocyte count and white blood cell aggregation of 

25 all tested subjects when his peripheral blood was analyzed in accordance 
with the present invention (Figure 16) 

Due to the low WBCC electronic count, the child received no 
antibiotic treatment during the first 24 hours of his stay at the Department of 
Pediatrics since the clinicians assumed that he suffered from a viral 

30 infection. One day following his admission, a scarlatiniform rash appeared 
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all over his body, he had a strawberry tongue and the throat culture revealed 
extensive growth of group A, streptococcL Following intravenous 
administration of penicillin, there was a rapid improvement in the child's 
condition. 

5 The above results clearly indicate that the determination of the 

number of leukocytes and the level of aggregation in a blood sample 
effected by the system of the present invention may assist in correct and 
quick diagnosis of a patient's condition 

An additional comparison study was performed on a different group 

10 of subjects. A total of 496 patients with various conditions of 
infection/inflammation (289 men and 207 women with a mean age of 62 ± 
24 years) and 112 controls (70 men and 43 women with a mean age of 35 ± 
14 years) participated in the study. Samples from the patients of healthy 
individuals were obtained and slides were prepared as described 

15 hereinabove. The WBCC was carried out using an electronic counter and 
the number of white blood cells as well as the level of aggregation of white 
cells in the samples was determined using the method and system of the 
invention. 

The results of the study showed that while an aggregation value of 
20 20% is high for samples taken from healthy individuals, much higher 
aggregation values were detected in samples obtained from patients . 
suffering from infection/inflammation. 

In order to determine the effect of high levels of aggregation on the 
accuracy of WBCCs obtained by prior art electronic counters, the ratio of 
25 the WBCC counted by electron counter (ecWBCC) to the WBCC 
determined by the present invention (imWBCC) was calculated. 

The results demonstrated that in cases of high aggregation, there was 
a 50% to 60% bias in ecWBCC. In samples in which there was a low level 
of aggregation (under 10%), it was found that there was a 25% bias in 
30 ecWBCC. Thus, at high aggregation levels, the tme effect of the 



wo 01/33215 PCT/rLOO/00673 

39 

aggregation is a 25% bias in the ecWBCC. 

These results show that 10-20% error occurs in electronic WBCC 
obtained from patients having an increased aggregation of white blood ceils. 

An additional study was conducted in order to asses the clinical 
5 condition of 1 5 patients suffering from acute infection/inflammation. 

Of the 15 patients, 4 had pneumonia, 3 had urinary tract infection, 3 
had rheumatoid arthritis, 2 had sepsis, 2 had soft tissue infection and one 
had Sjogren syndrome. Additional 15 healthy individuals were included as 
controls. 

10 Table 2 below indicates a list of parameters tested by the system of 

the present invention. As can be seen therein, a significant difference was 
noted between patients and controls regarding all "conventional variables" 
as well as those obtained by the present invention. In addition, image 
analysis revealed a significant correlation between the WBCC and the 

15 number of leukocytes per square mm (r=0,67 p<0,0001 n=30), between the 
LAAT and the concentrations of CRP (r=0.42 p=0.02 n=29) as well as 
between the EAAT and fibrinogen concentration (r=0.73 p<0.0001 n=27) or 
ESR (r=0.83 p<0.0001 n=30). 

Table 2 



"Conventional" variables 


Patients 


Controls 


P= 


WBCC (cells/mm^) 


16610+7 
710 


7810+35 
50 


= 0.001 


ESR (mm/h) 


46+33 


8+5 


= 0.001 


Fibrinogen (mg/dl) 


469+146 


237+53 


< 0.0001 


GRP (mg/L) 


9.9+10 


0.1+0.1 


= 0/004 


Hgb (g/dl) 


12.9+2.4 


13.9+1.2 


NS 


Variables obtained by image 

analysis 








L/mni2 


173+102 


59+23 


= 0.001 


LAAT (%) 


18.7+12 


5.3+5.3 


= 0.001 


EAAT 


23+13 


6+3 


< 0.0001 



20 WBCC = wiiite blood cell count; ESR = erythrocyte sedimentation rate; CRP = C-reactive protein; 
L/mm2 = leukocytes per square mm by image analysis; LAAT = leukocyte 
adhesiveness/aggregation test; EAAT = erythrocyte adhesiveness/aggregation test N.S. = not 
significant 



25 
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EXAMPLE? 
Telemedicine application: 
The present invention can further be utilized over a conununication 
network in situations were on-site processing of image data can not be 
5 effected. For example, data and images produced by the method of the 
present invention described above can be transmitted via standard telephone 
lines, or a communication network such as the Internet, to a remote location 
for image analysis by either a trained physician or technician or by the 
image analysis software described above. 

10 In such cases, images of the FOVs (fields Of View) can be 

transferred from a point of image acquisition (e.g. a laboratory) to a remote 
processing location via a direct upload or e-mail messaging. Following 
transfer, the images can be viewed and analyzed by a physician and/or 
automatically analyzed by the software described above and the results can 

15 then transferred back to the point of image acquisition as, for example, a 
table or text file format- In order to avoid transmission errors, a study 
following all steps of analysis and data transferring was done. Transferred 
files were transmitted back to the point of acquisition in order to compare 
them to the original files, and to verify no errors as a result of the transfer 

20 were introduced. 

More over, the information and data obtained from the imaging 
device may also be transferred directly or following initial analysis by a 
physician to a computerized system capable of processing the qualitative 
and quantitative parameters of the particulate components of the body fluid. 

25 This information obtained is further compared to previously stored 
information of other samples taken at an earlier time from the same 
individual or to samples taken from healthy or diseased individuals, thus 
serving as comparative basis for the data which were current collected. The 
information of the tested sample may also be stored for further use as a base 

30 line for comparing additional information in ftiture analysis. 
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A feasibility study was performed in order to illustrate that images 
obtained by the system of the present invention can be transmitted via 
telephone lines to a remote location for analysis. 

A total of 30 slides each of 9 FOVs (fields of view) were selected 
5 representing a total of 270 images. 

Each image was 768 by 576 pixels in size and as such occupied a 13 
Mbyte file. Following compression (JPEG) each image was represented by 
a 50 to 70 Kbytes file. An Excel file representing numerical data results 
obtained fix>m the slide images was 150 Kbytes. 
10 Files were transferred by PC anywhere"" software using an ordinary 

phone connection using 33.6 kbit/s modems. Transfer errors were not 
encountered as bit to bit comparison between sent and received images 
showed no changes. 

The transfer of 270 compressed files took a total of 72 mmutes, an 
15 average of 16 seconds per image file. The transfer of the numerical data 
(excel file) took 1 1 seconds, an average of 40 msec per field of view or 0.36 
seconds per slide. 

Although the invention has been described in conjunction with 
20 specific embodiments thereof, it is evident that many alternatives, 
modifications and variations will be apparent to those skilled in the art. 
Accordingly, it is intended to embrace all such alternatives, modifications 
and variations that fall within the spirit and broad scope of the appended 
claims. All publications, patents or patent applications mentioned in this 
25 specification are herein incorporated in their entirety by reference into the 
specification, to the same extent as if each individual publication, patent or 
patent application was specifically and individually indicated to be 
incorporated herein by reference. In addition, citation or identification of 
any reference in this application shall not be construed as an admission that 
30 such reference is available as prior art to the present invention. 
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1 . A system for generating a profile of particulate components of 
a body fluid sample comprising: 

(a) a device for causing controlled flow of the body fluid sample 
on a substrate, said controlled flow of the body fluid sample 
leading to a differential distribution of the particulate 
components on said substrate; and 

(b) a magnifying device being for providing a magnified image of 
differentially distributed particulate components on said 
substrate, said magnified image representing a profile of said 
particulate components of the body fluid sample. 

2. The system of claim 1, further comprising an imaging device 
being for capturing said magnified image provided by said magnifying 
device 

3. The system of claim 1, wherein said imaging device is a 
camera. 

4. The system of claim 2, further comprising an image analyzer 
being in commxmication with said imaging device, said image analyzer 
being configured for analyzing the profile of said particulate components in 
the body fluid sample. 

5. The system of claim 4, wherein said image analyzer includes 
a display for displaying said magnified image. 

6- The system of claim 4, wherein said communication between 
said image analyzer and said imaging device is effected through a 
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communication network. 

7. The system of claim 4, wherein said communication between 
said image analyzer and said imaging device is effected through at least one 
conununication server. 

8. The system of claim 7, wherein said at least one 
communication server forms a part of the World Wide Web. 

9. The system of claim 1, wherein said magnifying device is a 
light microscope. 

10. The system of claim 9, wherein said light microscope is 
selected from the group consisting of an inverted light microscope, a 
confocal microscope, and a phase microscope. 

11. The system of claim 1, wherein the body fluid sample is a 
peripheral blood sample. 

12. The system of claim 1, wherein the particulate components in 
the body fluid sample are selected from the group consisting of white blood 
cells, red blood cells, platelets, hemoglobin and plasma proteins. 

13. The system of claim 1, wherein the profile of said particulate 
components in the body fluid sample is characterizable according to at least 
one parameter selected from the group consisting of estimated hemoglobin 
concentration, approximated leukocyte count and differential, approximated 
platelet count, degree of leukocyte aggregation, aggregate composition, 
degree of leukocyte adherence towards the surface of said substrate, degree 
of red cell aggregation, degree of platelet aggregation, degree of leukocyte 
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to erythrocyte interaction and lexikocyte platelet interactions. 

14. The system of claim 1, wherein said substrate is a glass slide. 

15. The system of claim 1, wherein said device for causing 
controlled flow of the body fluid sample on a substrate is a holder capable 
of holding said substrate in an essentially angled position. 

16. The system of claim 15, wherein said device for causing 
controlled flow of the body fluid sample on a substrate is a centrifuge. 

17. A system for generating a profile of particulate components of 
a body fluid sample comprising: 

(a) at least one apparatus for generating a profile of the particulate 
components of the body fluid sample, said at least one 
apparatus including: 

(i) a device for causing controlled flow of the body fluid 
sample on a substrate, said controlled flow of the body 
fluid sample leading to a differential distribution of the 
particulate components on said substrate; and 

(ii) a magnifying device being for providing a magnified 
image of differentially distributed particulate 
components on said substrate, said magnified image 
representing a profile of said particulate components of 
the body fluid sample, and 

(iii) an imaging device being for capturing said magnified 
image provided by said magnifying device; 

(b) an image analyzer being in communication with said at least 
one apparatus, said image analyzer being configured for 
analyzing the profile of said particulate components in the 
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body fluid sample; and 
(c) at least one communication server being for commxmicating 
said magnified image from said at least one apparatus to said 
image analyzer. 

18- The system of claim 17, wherein said imaging device converts 
said captured image into data communicable by said at least one 
communication server^ 

19. The system of claim 17, wherein said image analyzer includes 
a display for displaying said magnified image. 

20. The system of claim 17, wherein said at least one 
communication server forms a part of the World Wide Web. 

21. The system of claim 17, wherein said magnifymg device is a 
light microscope. 

22. The system of claim 17, wherein said light microscope is 
selected fi-om the group consisting of an inverted light microscope, a 
confocal microscope, and a phase microscope or any photographic camera 
with magnification capabilities. 

23. The system of claim 17, wherein the body fluid sample is a 
peripheral blood sample. 

24. The system of claim 17, wherein the particulate components 
in the body fluid sample are selected from the group consisting of white 
blood cells, red blood cells, platelets, hemoglobin, plasma proteins and 
bacteria. 
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25- The system of claim 17, wherein said image analyzer includes 
a processing unit executing a software application designed and configured 
for analyzing and optionally characterizing the profile of said particulate 
components of the body fluid sample according to at least one parameter 
selected from the group consisting of estimated hemoglobin concentration, 
approximated leukocyte count and differential, approximated platelet count, 
degree of leukocyte aggregation, aggregate composition, degree of 
leukocyte adherence towards the surface of said substrate, degree of red cell 
aggregation, degree of platelet aggregation, degree of leukocyte to 
erythrocyte interaction and leukocyte platelet interactions. 

26. The system of claim 17, wherein said substrate is a glass slide. 

27. The system of claim 17, wherein said device for causing 
controlled flow of the body fluid sample on a substrate is a holder capable 
of holding said substrate in an essentially angled position. 

28. The system of claim 17, wherein said device for causing 
controlled flow of the body fluid sample on a substrate is a centrifuge. 

29. A method of generating a profile of particulate components in 
a body fluid sample comprising the steps of: 

(a) causing controlled flow of the body fluid sample on a 
substrate, said controlled flow of the body fluid sample 
leading to a differential distribution of the particulate 
components on said substrate; and 

(b) providing a magnified image of differentially distributed 
particulate components on said substrate, said magnified 
image representing a profile of said particulate components in 
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the body fluid sample, 

30. The method of claim 29, further comprising the step of 
analyzing and optionally characterizing the profile representing said 
particulate components in the body fluid sample according to at least one 
parameter selected from the group consisting of estimated hemoglobin 
concentration, approximated leukocyte count and differential, approximated 
platelet count, degree of leukocyte aggregation, aggregate composition, 
degree of leukocyte adherence towards the surface of said substrate, degree 
of red cell aggregation, degree of platelet aggregation, degree of leukocyte 
to erythrocyte interaction and platelet leukocyte interactions. 

31 The method of claim 30, wherein the step of analyzing and 
optionally characterizing the profile representing said particulate 
components in the body fluid sample is used for determining a presence or 
absence of, a clinical condition in an individual. 

32. The method of claim 30, wherein the step of analyzing and 
optionally characterizing the profile representing said particulate 
components in the body fluid sample is used for diagnosing a disorder in an 
individual. 

33. The method of claim 31, wherein said clinical condition is 
caused by an agent selected firorn the group consisting of an infective agent 
and a chemical agent. 

34. The method of claim 31, wherein said clinical condition is 
caused by a disorder selected from the group consisting of atherosclerosis, 
viral infection and bacterial infection. 
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35. The method of claim 29, further comprising the step of 
converting said magnified image into data prior to said step of analyzing* 

36- The method of claim 29, wherein said body fluid sample is a 
peripheral blood sample. 

37. The method of claim 29, wherein said step of causing 
controlled flow of said body fluid sample on a substrate is effected by a 
holder capable of holding said substrate in an essentially angled position, or 
by a centrifuge. 

38. A method of determining an atherosclerosis risk factor of an 
individual, the method comprising the steps of: 

(a) causing controlled flow of a body fluid sample obtained firom 
the individual on a substrate, said controlled flow of said body 
fluid sample leading to a differential distribution of particulate 
components included in said body fluid sample on said 
substrate; 

(b) providing a magnified image of differentially distributed 
particulate components on said substrate, said magnified 
image representing a profile of said particulate components in 
the body fluid sample; 

(c) analyzing at least one parameter of said profile to thereby 
determine the atherosclerosis risk factor of the individual. 

39. The method of claim 38, wherein said at least one parameter 
is selected fi'om the group consisting of a number of white blood cells, 
leukocytes adhesiveness/aggregation state (LAAT) and eiythrocj^es 
adhesiveness/aggregation state (EAAT). 
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40. The method of claim 38, further comprising the step of 
converting said magnified image into data prior to said step of analyzing. 

41. The method of claim 38, wherein said body fluid sample is a 
peripheral blood sample. 

42. The method of claim 38, wherein said step of causing 
controlled flow of said body fluid sample on said substrate is effected by a 
holder capable of holding said substrate in an essentially angled position or 
a centrifuge. 
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Fig. 9 



wo 01/33215 



PCT/ILOO/00673 



9/17 




wo 01/33215 



PCT/ILOO/00673 



10/17 



Fig. 11a Fig. lib Fig. Uc Fig. lid 




Fig. llf Fig. llg Fig. Uh 



Control 



Fig. Hi Fig. 11 j Fig. Ilk Fig- 1 




Fig. 11 m Fig. 11 n Fig. Ho Fig. lip 



Patient 
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Fig. 12a 



Fig. 12b 
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Fig. 12f 



Fi2. 12c 




Fig. 12d 





Fig. 12g 



Bacterial 



Fig. I2i 



Fig, 12j 



Fig. I2k 




Fig. 121 






Fig. 1 2in 



Fig. 12n 



Fig. 12o 



Fig. 12p 



Viral 
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Fig. 14 
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Exampies of Control Samples 




AR = 50.6jnicron 
VR = 0,7 micron 
RC = N/A 
PP - N/A 

Leukocytes per square mm: 213 
b 7 8 >8 1 3% in clusters 

WBCrl 4.1 13.3J 
T.BP- N/A 



Fig. 153 
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Hxamplcs of Control Samples 




6 ? e 



Ei:>-throcyte Aggregation 
BP - 69% 

AR ^ 25 A micron 
VR = 2.7 micron 
Leukocytes per square mm: 306 
WBC: 1 5.9 19.11 
15% in clusters 



Fig. J 5b 
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Kxamplcs of Control Samples 




Rry throc\ae Aggregation 
BP - 29% 

AR ^ 14.9 micron 
VR ^ 37 J micron 
RC - 7.3 micron 
PP- 33 

Lcukocyies per square mm: 852 
75% in clusters 
WBC:\ 16.4 53 J 1 




1 2 3 4 5 G 7 6 >S 



Fig, 15c 
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